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MIZLANT  85  DATA  REPORT 

RESULTS  OF  AN  OCEANOGRAPHIC  CRUISE  TO  THE  GREENLAND  SEA 

SEPTEMBER  1985 


by 


■>  Robert  H.  Bourke,  Robert  G.  Paquette,  and 

Alan  M.  Weigel 


I.  INTRODUCTION 


This  report  describes  the  cruise  of  the  Coast  Guard  ice  breaker  NORTHWIND 
(WAGB-282)  to  the  Fram  Strait  area  of  the  Greenland  Sea  during  September  1985. 
This  cruise  has  been  designated  Ariic  East  1985  (AE85),  but  for  continuity  with  past 
cruises  is  also  termed  MIZLANT  85.  The  cruise  had  several  objectives:  (a)  deter¬ 
mine  the  northward  extent  of  the  warm  saline,  westward  branch  of  the  West  Spits¬ 
bergen  Current  (WSC),  (b)  determine  the  temperature  and  salinity  distribution 
across  Fram  Strait  in  at  least  two  locations  (one  north  of  OB  Bank,  one  south  of  OB 
Bank),  (c)  assess  the  circulation  over  the  Molloy  Deep,  (d)  study  the  dynamic  char¬ 
acteristics  of  the  East  Greenland  Polar  Front  (EGPF),  between  79°  and  81°N,  (e)  de¬ 
termine  the  biological  properties  of  the  upper  portion  of  the  water  column  (the  de¬ 
tails  of  these  studies  are  reported  elsewhere),  and  (f)  study  the  exchange  of  water 
between  the  deep  troughs  on  and  off  the  shelf. 

The  NORTHWIND  track  covered  approximately  3808  km  (2052  miles)  during 
which  158  CTD  stations  were  made  in  Fram  Strait  and  in  the  area  north  of  Svalbard. 
All  but  two  of  the  CTD  stations  were  conducted  from  the  ship;  the  other  two  were 
made  from  ice  floes  using  the  ship's  heliocopters.  Prior  to  departure  from  Iceland 
the  ship  experienced  a  causualty  to  the  port  main  motor  making  the  port  shaft  unu¬ 
sable  for  the  entire  cruise.  This  fact  along  with  heavy  ice  conditions  north  of  Fram 
Strait  prevented  the  completion  of  several  planned  transects,  especially  those 
across  the  top  of  Fram  Strait  to  capture  the  characteristics  of  the  westward  flow  of 
WSC  water. 
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II.  GENERAL  DISCUSSION 
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The  scientific  party  boarded  NORTHWIND  between  27  and  30  August  1985  in 
Reykjavik  and  Akurery,  Iceland.  The  members  of  the  physical  oceanography  scien¬ 
tific  party  and  their  affiliations  are: 

Dr.  John  L.  Newton,  Polar  Research  Laboratory,  Chief  Scientist 
Dr.  Robert  H.  Bourke,  Naval  Postgraduate  School 
Mr.  Kim  O.  McCoy,  Private  Consultant  to  NPS 


d 


<ty  Codes 
a  d  /  or 

special 


tana 


LT  Alan  M.  Weigel,  USN,  Student  NPS 

Also  on  board  were  three  scientists  from  the  Naval  Ocean  Systems  Center,  San 
Diego  who  conducted  the  biological  portion  of  the  cruise. 

The  cruise  track  and  location  of  CTD  stations  are  indicated  in  Figure  1.  A  listing 
of  the  location  of  all  CTD  stations  and  ancillary  climatological  data  at  each  station  is 
shown  in  Appendix  A.  The  atmospheric  pressure,  air  temperature,  and  wind  speed 
and  direction  measured  every  six  hours  are  shown  in  Figures  2,  3,  and  4.  Through¬ 
out  the  cruise  the  air  temperature  generally  remained  at  or  just  below  the  freezing 
point.  From  15  September  to  22  September,  a  storm  passed  through  the  area  keep¬ 
ing  air  temperatures  generally  below  -5°  C.  This  coincided  with  a  decrease  in  at¬ 
mospheric  pressure  which  remained  below  1010  mb  from  15  through  23  September. 
The  wind  speed  consistently  remained  above  15  knots  except  for  brief  periods  of 
light  and  variable  winds.  Winds  were  predominantly  from  the  north  except  for  the 
four  day  period  10-13  September. 

A  detailed  bathymetry  of  Fram  Strait  is  shown  in  Figure  5.  The  bottom  contours 
west  of  the  prime  meridian  were  derived  from  Perry  et  al.  (1985)  while  those  west 
of  it  were  taken  from  Tunnicliffe  (1985).  The  bottom  contours  were  then  further  re¬ 
fined  by  incorporating  the  depths  measured  at  each  CTD  station  during  AE85. 

III.  INSTRUMENTATION 

The  primary  oceanographic  instrument  was  the  Neil  Brown  Instrument  Systems 
(NBIS)  Mark  III  CTD.  Data  were  acquired,  stored  and  displayed  using  a  Hewlett- 
Packard  9835B  computer  and  a  9872A  x-y  flat-bed  plotter.  As  in  the  past,  a  wire 
cage  was  constructed  around  the  base  of  the  CTD  to  protect  the  sensors  from  ice 
damage.  No  apparant  deviation  in  sensor  accuracy  has  been  noted  using  this  tech¬ 
nique. 

Prior  to  lowering  the  instrument  it  was  flushed  by  lowering  and  hoisting  over  a 
depth  range  of  50  m  for  several  minutes  to  minimize  temperature  errors  caused  by 
stored  heat  in  the  body  of  the  instrument.  Standardization  of  the  instrument  was  by 
means  of  reversing  bottle  clamped  to  the  line  above  the  instrument.  The  resulting 
samples  were  analyzed  by  a  portable  induction  salinometer  referenced  to  standard 
water.  The  average  differences  between  the  instuments  and  the  standards  were 
approximately  0.01  °C  in  temperature  and  0.01  ppt  in  salinity,  not  notably  greater 
than  the  probable  error  in  the  thermometer  and  the  deck  salinometer  measure¬ 
ments. 

The  calibrated  3200  dbar  pressure  sensor  installed  at  NPS  failed  early  in  the 
cruise,  at  Station  18,  and  was  replaced  with  the  1600  dbar  sensor.  This  reduced 


depth  capability  had  no  impact  on  the  cruise  as  no  casts  were  conducted  below 
1200  m. 

The  temperature  and  conductivity  sensors  of  the  NBIS  CTD  were  calibrated  at 
NPS  prior  to  the  cruise.  The  mean  temperature  difference  between  the  standard 
and  the  CTD,  based  on  20  determinations,  was  0.006°C,  with  a  standard  deviation  of 
0.001°C.  The  mean  conductivity  difference,  based  on  10  samples  at  each  of  5  salin¬ 
ities,  was  -0.04  ohm^cm'1,  with  a  standard  deviation  of  0.006  ohm^cm'1.  A  post- 
cruise  calibration  determined  that  no  drift  had  occurred  in  temperature  sensor  ac¬ 
curacy.  The  mean  temperature  difference,  based  on  20  determinations,  was  again 
0.006°C,  with  a  standard  deviation  of  0.001°C.  The  post  cruise  calibration  of  the 
conductivity  sensor,  however,  did  show  some  drift.  The  mean  conductivity  differ¬ 
ence  between  the  standard  and  the  CTD,  based  on  10  determinations  at  each  of  4 
salinities,  was  -0.01  ohm  cm  ,  with  a  standard  deviation  of  0.005  ohm  cm  \  (At 
the  range  of  temperatures  found  during  the  cruise,  a  change  in  conductivity  of  0.01 
ohm'1  cm'1  results  in  a  0.015  ppt  change  in  salinity.)  No  correction  was  applied  to 
the  raw  data,  however,  because  the  post  cruise  calibration  was  not  performed  until 
6  months  after  completion  of  the  cruise. 

Two  lightweight,  portable  CTD's  (Applied  Micro  Systems,  Inc)  were  used  as 
back-up  instruments  as  well  as  deployed  from  the  ship's  helicopters.  A  battery-op¬ 
erated,  motorized  winch  was  used  with  this  CTD  system.  Two  lowerings  were  made 
using  the  lightweight  CTD  deployed  from  a  helicopter.  Several  lowerings  were 
made  with  the  lightweight  CTD  strapped  to  the  NBIS  CTD  for  intercomparison;  the 
performance  of  the  two  systems  is  quite  similar. 

At  three  stations  during  the  cruise  the  water  motion  at  40  m  and  100  m  depth 
was  measured  with  a  Hydro  Products  current  meter.  These  measurements  were 
made  to  determine  the  vertical  current  shear  of  the  upper  layer  of  the  water  column 
and  also  to  adjust  the  level  of  no  motion  of  the  baroclinically-derived  currents.  The 
current  meter  consisted  of  a  Savonius  rotor  and  a  magnetic  compass  vane  system 
mounted  approximately  one  meter  above  the  NBIS  CTD.  The  analog  signal  from  the 
current  meter  system  was  digitized  using  a  Hewlett-Packard  3412A  Data  Aquisition 
System.  A  HP-71  A  computer  was  used  to  compute  and  store  10  min  averages  of 
current  speed  and  direction.  During  these  current  measurement  periods,  which 
lasted  from  3  to  10  hours,  the  ship's  drift  was  monitored  based  on  fixes  obtained  by 
satellite  navigation.  The  absolute  current  was  determined  by  vector  addition  of  the 
ship's  motion. 

The  two  embarked  helicopters  were  used  extensively  in  an  ice  reconnaissance 
role  and,  in  two  places,  to  extend  the  sampling  area  with  the  lightweight  CTD.  Forty 
sorties  for  ice  reconnaissance  were  flown  for  a  total  of  80  flight  hours. 
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IV.  ANALYSIS 
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The  West  Spitsbergen  Current  (WSC)  is  a  warm,  saline,  northward  flowing  ex¬ 
tension  of  the  Norwegian  Current  System.  As  seen  in  Figure  6,  a  transect  across 
Fram  Strait  at  78°N,  core  temperatures  for  the  WSC  were  in  excess  of  6°C.  This 
warm  core  occupies  the  upper  50  m  of  the  water  column  and  tends  to  hug  the  shelf 
break  as  it  flows  north  along  the  west  coast  of  Svalbard.  One  branch  of  the  current 
then  heads  northeast  beyond  80°N  to  eventually  enter  the  Arctic  Basin.  This  can  be 
seen  in  the  transect  northwest  across  the  shelf  break  north  of  Svalbard  (Figure  7). 
Here  the  core  temperatures  have  cooled  to  slightly  above  4°C.  The  second,  west¬ 
ward  turning  branch  appears  to  be  partially  controlled  by  the  west  shoulder  of  the 
Yermak  Plateau.  A  longitudinal  transect  along  2°E  shows  that  the  maximum  temp¬ 
erature  of  the  westward  flowing  core  lies  just  outside  the  ice  edge,  at  station  100  in 
Figure  8.  The  absolute  northward  extent  of  the  westward  flowing  arm  could  not  be 
ascertained  but  probably  does  not  extend  much  north  of  81°N. 

We  were  able  to  map  the  joining  of  this  warm  current  with  the  cold  waters  exit¬ 
ing  from  the  Arctic  Ocean.  The  boundary  of  the  exiting  Arctic  Waters  appears  to 
start  near  the  Yermak  Plateau  continental  shelf  break  and  bends  southwestward  to 
the  Greenland  continental  shelf  break.  This  is  shown  in  a  transect  at  approximately 
80°  30'N  (Figure  9).  A  transition  zone,  rich  in  finestructure  some  55  to  75  km  wide, 
separates  the  Arctic  water  from  the  warm  salty  water  of  the  WSC. 

A  four-day  survey  was  conducted  of  a  cold  lens  of  Polar  Water  detached  from 
the  ice  edge  near  79°  30'N,  1°W.  A  transect  through  this  lens  (Figure  10)  shows  the 
east-west  extent,  but  the  north-south  extent  could  not  be  precisely  determined. 
Hence,  it  could  not  be  determined  that  this  cold  lens  actually  was  completely  de¬ 
tached  from  the  East  Greenland  Current. 
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Figure  1.  Cruise  track  and  location  of  CTD  stations  during  MIZLANT  85. 
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Figure  2.  Atmospheric  pressure  (mbar)  at  6-hourly  intervals  during  MLANT  85. 
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Figure  3.  Air  temperature  (°C)  at  6-hourly  intervals  during  MLANT  85. 


direction  at  6-hourly  intervals  during  MLANT  85. 


Figure  9.  A  temperature  and  salinity  transect  along  80.5°N  illustrating 
convergence  near  Stations  96  to  102  of  the  warm  WSC  with  the  cold  PW  exiting 


temperature  and  salinity  transect  through  a  cc 
not  possible  to  discern  if  this  eddy  was  detached 


APPENDIX  A 


Explanation  of  Heading  Codes 

The  heading  of  the  printed  output  uses  the  coding  from  NODC  Publication  M-2, 
August  1964,  with  a  few  exceptions.  Heading  entries  which  are  not  self-explanatory 
are  as  follows:  MSQ  is  the  Marsden  square,  and  DPTH  is  the  water  depth  in  meters. 
Wave  source  direction  (WVD)  is  in  tens  of  degrees,  but  the  direction  00  indicates 
calm  seas  due  to  ice  dampening.  The  significant  wave  height  is  coded  by  Table  10 
(code  -  2  =  height  in  meters),  Wind  speed,  V,  is  coded  as  Beaufort  force.  Table  17. 
The  barometer  is  in  tenths  of  millibars,  omitting  the  900  or  1000  digit  as  appropriate; 
wet  and  dry  bulb  temperatures  are  in  degrees  C.  The  present  weather  is  from  Table 
21  with  cloud  type  and  amount  from  Tables  25  and  26,  respectively.  The 
combination  4X9  indicates  that  clouds  cannot  be  observed  usually  because  of  fog 
conditions.  The  visibility  is  from  Table  27  which  is  roughly  in  powers  of  two  with 
code  4  =  1-2  km.  The  ice  concentration,  ICE,  is  in  tenths;  amounts  less  than  one 
tenth  are  preceded  by  a  minus  sign  and  indicate  concentrations  in  powers  of  ten, 
e.g.,  10'4  -  -4. 

The  entry,  NAV,  is  a  code  to  identify  the  accuracy  of  each  station  position  based 
upon  the  navigation  system  used.  Code  1  indicates  a  position  determined  by  visual 
sightings,  radar  or  by  navigation  satellite;  Code  2  a  position  determined  by  Omega 
or  Loran;  and  Code  3  a  position  determined  by  dead  reckoning. 

The  heading  data  are  listed  sequentially  with  increasing  station  number. 
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APPENDIX  B 


Property  Profiles  For  MIZLANT  85  Stations 


This  section  contains  plots  of  temperature,  salinity,  sound  speed,  and  sigma-t 
for  the  150  of  156  stations  of  MIZLANT  85  which  were  successfully  recovered  from 
the  cassette  tapes  of  the  data  logging  system.  Six  stations  were  not  recovered  from 
the  cassettes  in  digital  form.  These  stations  are:  1,  2,  3,  77,  78  and  115.  Raw 
temperature  and  salinity  profile  plots  for  these  stations  are  available  but  are  not 
included  in  this  report.  Two  stations  had  serious  anomalies  introduced  by  the 
editing  program,  118  and  148.  In  the  interests  of  expeditious  reporting,  these  two 
are  shown  with  the  corrections  traced  in;  they  will  be  formally  corrected  later. 
Station  19D  (down)  was  recorded  with  too  low  a  gain  and  is  useful  only  near  the 
surface.  The  upward  trace  failed  to  reach  the  surface.  Both  halves  are  shown  in 
one  diagram  with  the  missing  part  of  the  profiles  sketched  in.  Down  and  up  traces 
were  obtained  at  about  one  third  of  the  stations,  mostly  during  the  first  part  of  the 
cruise.  With  a  few  exceptions,  only  the  down  casts  are  presented  in  this  report. 

Within  the  ice,  the  ranges  of  water  properties  are  small.  We  have  used  this  fact 
to  advantage  by  expanding  scales  to  better  show  the  small  differences  which  often 
are  interesting  in  these  cold  waters.  Outside  the  ice  the  ranges  are  moderate, 
necessitating  a  change  in  scaling.  Other  changes  in  scaling  have  been  made  to 
keep  plots  separated  in  some  instances.  To  conserve  paper,  shallow-water  stations 
are  plotted  four  per  page  while  the  deep-water  stations  are  shown  two  per  page.  To 
assist  in  distinguishing  between  curves  the  temperature  profile  has  been  darkened 
three  times  while  the  salinity  trace  only  twice.  The  curves  are  also  labeled:  T  for 
temperature,  S  for  salinity,  SV  for  sound  velocity,  and  ST  for  sigma-t. 
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